them from serving as acetyltransferase substrates: a property that we refer to as "histone masking". Although Introduction the latter possibility has never been documented in inhibition of histone acetylation, it should be considered Nucleosomes, the building blocks of higher order chromatin structure, play important structural and regulatory as a potential cellular mechanism to directly regulate histone acetylation and transcription. In order to identify a cellular activity that inhibits histone acetylation, we analyzed the effect of addition of HeLa cell nuclear extracts on p300 mediated histone acetyla- ‡
. Surprisingly, peptide 3, which is derived from Set/TAF-I␤ and also rich (construct 2), and pp32 (construct 3) inhibited p300-mediated acetylation of histones. These results further in acidic amino acids failed to inhibit histone acetylation at all concentrations tested thereby serving as an intervalidate that the HAT-inhibitory property of INHAT complex maps to its identified subunits. nal negative control ( Figure 5D ). These results suggest that Set/TAF-I␤-mediated HAT-inhibition is not due to Since recombinant Set/TAF-I␤ inhibits histone acetylation, Set/TAF-I␤ deletion mutants were examined to a nonspecific inhibitory effect of any acidic region but rather maps to a specific domain at the C termini of Set/ broadly map the HAT-inhibitory domain ( Figure 5B ). Deletion of the subtype specific N-terminal sequence (con-TAF-I␤ (amino acids 223-264) and TAF-I␣ (amino acids 236-278). struct 4) had no effect on HAT-inhibition (indicated as ϩϩϩ). In contrast, a Set/TAF-I␤ mutant, lacking the entire C-terminal acidic tail (construct 6) was completely (Figsized and examined (Figures 5C and 5D ). Peptides 1, 2, and 4 strongly inhibited acetylation of histones H4 in a
INHAT Directly Binds to Histones In Vitro and Associates with Chromatin In Vivo inactive (indicated as none). Similar results were also obtained with TAF-I␣ proteins (not shown). These results
ure 5B), also showed no association with histones (Fig- 
used for immunoprecipitation) was immunoprecipitated with anti-histone (␣-histones) or control antibodies (CT). Following elution and reversal of cross-linking, bound proteins were detected in immunoblots using anti INHAT subunit antibodies as indicated. (E and F) Site preference of inhibition of acetylation. Histones (E) or nucleosomes (F) were separately incubated with PCAF in the presence (ϩ) or absence (Ϫ) of INHAT.
Assay products were detected in immunoblots using antibodies specific for indicated acetylated lysine residues of histone H4 and H3. In (F), phosphorimager analysis of the immunoblotted membrane is also shown.
2 and 3, respectively). However, as expected, the same protein-protein cross-links in cells, we isolated soluble chromatin from formaldehyde cross-linked, sonicated preparations of p300 and PCAF interacted with the retinoic acid receptor (RAR) in the presence of all trans HeLa cells and performed chromatin immunoprecipitation assays (ChIP) using anti-histone or control antibodretinoic acid (lanes 5 and 6, respectively). These results are consistent with those of Figure 2D The blots were probed with alkaline phosphatase-conjugated antiinhibitors (suspension buffer), and lysed by passing through a 23G rabbit or anti-mouse secondary antibodies (BioRad). needle. After centrifugation, the nuclear pellet was resuspended in suspension buffer containing 420 mM NaCl, and 25% glycerol, and incubated at 4ЊC for 30 min. Following centrifugation, the supernaIn Vitro Immunoprecipitation and Interaction Assays tant was dialyzed (nuclear extract). All purification steps were perIn vitro, 35 [S]methionine-labeled TAF-I␣, Set /TAF-I␤, and pp32 were formed at 4ЊC in buffers containing a cocktail of protease inhibitors. synthesized using the CMX plasmids in a coupled transcriptionApproximately, 80 ml of HeLa cell nuclear extracts (10 mg/ml) were translation system (TNT, Promega), and incubated with histones for fractionated with ammonium sulfate (0%-65% saturation) and the 30 min at room temperature in buffer containing 150 mM KCl, 20 dialyzed supernatant was applied onto a DEAE-Sephacel (AmermM Tris-HCl (pH 7.6), 5 mM MgCl 2 , 1 mM DTT, and 10 g/ml BSA. sham-Pharmacia) column and eluted with a linear gradient (100 to The complex was immunoprecipitated using anti-histones, MAB 700 mM KCl) of buffer A containing 20 mM Tris-HCl (pH 7.6), 100 3422 antibodies (Chemicon International), and protein A agarose. mM KCl, 0.1 mM EDTA, and 10% glycerol. 
